UNCLASSIFIED

AD 414182

DEFENSE DOCUMENTATION CENTER

FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S,
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any wvay
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



"2
_;3 )
r\x) =
&
-
o '"'z
el
<
s (::)
< <E
-
et =

R=341 = Rpt #L(Final)
Contract: DA19-129-qm-1990
Truesdail Laboratordes, Inc.

Optimal Water Storage Study of
Multifunctional Water-Commode Containers

Period: 30 April 1962 - 29 April 1963

ARMED FORCES FOOD AND CONTAINER INSTITUTE
U, S. Army Quartermaster Research and Engineering Center
Chicago 9, Illinois



‘(9L

“(9L09 "I'0) 066T
-RL-6ZT-6TVC 39RIIU0)
Apnig aBesois gaiep

~WC-6ZT-6T¥( 1IDPIIUCD
Apnis aBeioig daiep

*paiedrisaaul aq PTNONS SUCTITPWEO aBelols

SNOJOATJ MOW 303 SIUIT PuF SWNAP peaozds] *pejussesd

e viep 1500 a3pJ0lS  *PISN SUOTITPUCO SN2 JepUn Jsies

del arqriod JO a3eJ40IS 103 AJOIDRISTIPE DPIISPTSUCO P SISUYT
susTAyISATOd TTW » PUR SWIP J8GT3 *uoisnol pur dBedTY) BOIJ
2S0U3 3o uOIIdIVNS IYI YITA *SABIEA IDINOS IUSINIITP OT aW3 30O
S$1S9] UOSTJRdWOD Yl UL PUNOZ Alan SIOUSISIJIP JIUKDTITUDTS oN
*POTISd PapuaIND STYI JOF JPUTT STQPIEOde WP PEJSPTSUCO 8
suaTAy3aiTod 11w # ATU) °*23sw) sTquaaudesip ¢ PRY SWTl) TAUTA
PUR PIIPUTWRT Y3 UY PAIOIS IBOY3 *sasiTeur TEITBOTOTINIOEG
pue [eotway> pur si52) TIUed 9393 AQ *suoTITPUCS K>ued

~lawa a3pun 91qelod PAIIPISUOD Aian SIBIER TT® STIYA *Kip pue
8200pUY ‘AIIPTENY FATIPTNI 406 O3 07 *1,56 O3 Sn S8R SUOTITPUOD
23wa015  *SUCTI09dSUT POTIFC-PIIUT YITA SAPD 0OC SON SIS
1130q 40j potrdad adeaois Teiol ‘seaur redtudeadosd Jusue;rp
07 WOl sdajen dPl JO STPTJalpm JPUTT 2$BY3 UT AITTTQPIOlS
aATIvIRGNOD UO pur *eMTTS TAuTadTod puw SURPYCOTTIO-PUSTAYISATOO
PIIPUTHET *SuSTAYIBATOd YITA POUTT SENJIP J8QTj UT PAIOIS J2IEA
dea aoanos atBurs v jo A311Iqriod uc pajussaud auw ravg

Wodey peyjisseoun

8°0TzZ4 303lodd  “((9£09°1°0) 066T-WO-6ZT1-6TVE 3PI3u0))
*dd ST "£96T Aww 6Z ‘11 awd - O eswUq

t1 Meg - § sweud ‘v Eeyy ‘dodey reurd

A3raeyd°reg pue wyoTg*1*) *STTNTIZPWRE°] *paen°s°y

*SYINIVINGD JCOWNOI-AIALVA
TYNOTLONAIILING 3O ACNLIS JOVNOLS ¥ILlve "TVHILJIO
“31Te) *sarajuy $O7 *oul ‘sariolwvioqe] TTPPSeNJ]

*ON UOTSSaODY av

*pa1eBTisauY 3¢ PTNOYS SUOTITPUE sBeJols
snozodtd azow 303 SIIUYT Pur swWnIp paacude] ‘pajussaad
aJe BIED 1500 2BPI0IS *PISN SUOTITPUCD BY3 AIPUN JBIwa

de3 atqeaod 3o adesois Joj Aaoioezsyaes PRISPISUCO SIF SJBUTT
uaTAYIaAtod TIG & PUR SUNJp J3QT] *UOISNOH pur OPPITY) wodj
250Ul jo uoTIdIONI IYI UITA *SIPIEM IDINOS JUNISIITP OT Byl 3O
SIS3) UOSTIRAWOD Y3 UT PUNOZ AIdA SIOUMISIITP IUedT131uBYs oy
*Poraad DIPURING STYI 207 JAUTT »1qPIdadIR LR PIIIPTISUSO ST
2UPTAYIFATOd TTR n ATWD *91se) PIqeasudestp ¢ pey sar1j rAuta
PUP PaJRPUIMET 34yl UT pascis asoyl *sasitrue TedtSorordsideq
PUR TEOTWSUD PUP S1S3) TIURd 31%el AQ *sSuoTITPucd A>uad

—J3ud JSPUN SIqPIOd PAIFPTSUOCD IIIA SIBIPA TTE STIUR *AJp puw
B300PUT CAITPIENG IATIPTA 405 O3 07 3056 O3 Sn S SUCTITPUCD
2323015 *SUOTISSCdSUT POTIBE-PIIUT QITA SAPP 00C wem samed
4loq Joj poraad adedois teiol ‘seadv Ted1ydeadosd Jusuajjrp
€T wodj saaipms dP3 Jo STPIISIPE ISUIT »Say3 Ul A3TTIQPIOIS
PATIRJPQWOD uo pur *SwIl} TAuyadtod pur Surydolred-sustTAyisAtod
palruTueT *SUSTAY1SATOd YITA PEUTT SWNIP JBQIJ UT PASOIS JaleR
QP13 2oanoc 2TBUIS B JO AI1T71gP30C uo pajuasaud aur piec

2oy PITFISSP T~

3°0TZZH 399[0ad  *((9L09°1°0) 0661~ =6LT-6TV] IDPJILL )
*dd o1 +€96T AP BZ 1 Mwg - O asPug

1 ey - § eswuq 'y aseyy ‘e teurg

A3Tre4370°d PUP WHOTE*T") *SITRIZPURG"! Sraepcc g

"SHINIVING® CARCI-$TivA
TYROTLINIILTINR SO ACALS TOVNCLIS STIvN TWWILdO
*31TRD *satejuy SO7 *oul *satiolvdoqe TiPpsEns)

*ON UOTSSIIVY av

- -

“(9409 °"1°0) 0667
“HO-6IT-6TV0 33043UD) L
Apnas eBeiois asaen °1

“4{9L09 "I°0) 0667
~WO-6ZT1-6TVQ 32e3iu0d *Z
Apnis eBei03s Jeiep Y

*peielTiSaau] 8Q PTNOUS SUCTITPWS eleiols
snosalts SJOW JOF SISUTT DUP SWNID Paaciday  *PeIwesesd
slw PP 1500 alwJI01S PN SUOTITPUCO OUI JSDMR JBIPw

de3 #1qRi0d 3O 330401 20] AJOIDRISTIPS PAISPISUGD BIF SIGUYT
SusTAYINATOd TTE & PUP SWRIP S8QTS °YoISRoy DU cBEITY) sel]
2B0Y3 O UOTIMEOKS SyI HITA *SASIEN S2INOS JUNSIITP OT O3 JO
S3198) UOSTIRGEOD SY) UT PWNOJ ISR SEOURMSITP 1WRDTITUBYS Oy
*potIsd POPUSINS STUI JOJ SPUTT SIQRILEODE WR POMSPTSWIO ST
susTAqI0AT10d TTW # ATWD 029w STQEOeuBESTP ¢ PRY SUT[ TAUTA
PUR DOIPUTERT SY3 UT DAIOIS sSON) *sesiTews TEaTBoTOTSRIdNq
pur TEOIMEY> pur $1se3 Yourd el Aq *suotitpuso Kousl

~Jous JEPUN STQRIGE PEIGPISUDD I SI0IPR TTW OTIUR °*Kip Pw
SIOPPUT ‘AIIPTENU SATIRTEL 406 O3 O * 456 O3 Gu SSBN SUOTITDUOD
SB0I03S  “SUOTIJ8dSUT POTJIEC-PUIUT YITA SARP 0O Wow SOOwD
4aoq 40 potsed sBedois Triop ‘*sweur TedTudesBosd 1wese;) TP
O Bl 8039 dey JO STRISGNE JPUIY 8By MY humam’.—ﬂun
SATIINEN0O WO PUR ‘ONTY} TAWIALTOO Pu SURQCOTTED-SURTAYISATOd
POINUTHRT SounTAyIsiTod YITA POUTT SERID ABQI] UY POSOIS JPIPM
dey e3anos #1BUTS B O A31(TRiod uo perusensd euw viRy

zodsy petsreseToun

0°0TLZ8 320(02g  *((9L09°1°0) 066T-HD-6LT~6TV 1IW43W0D)
*4d ST CCo6TY Aoy 62 1] Mmd - D swey

t] 30y - @ oteyy tv oseyy *rsodey TYUT)

ABYIR\I L4 PUR WNOTE*T°) *STTRISPWNG ] ‘pasn S°¢

SSUIMIVINDD JOOMHOD-¥IIVA
IVIOTDWUTIIG JO ASRIS TOVNOLS WLIVA TVHILO
TIITED Ceatejuy 807 °°dup ‘SBIICINIONT] TTepRSRL

*poIBYiseauy 8¢ PINOYS SUOT! [T T

snazollfs aa0w 205 sSult pur Swrup peacsdm] Y peswsesad

ST 3P 1500 8Bed0lS "POSR BUOTIIPWOD SYL JSPWR JOIER

dri eTqriad 5o sBeacis Joj £10100;8T1IPS PAJSDISEEO SIF BIGUTT
SUSTAYISATOD TTE & PUP SWRIP J0Q1) °UOISRAY PR JBEPID BOS)
o50yl 3O uOTIdEOXS BY1 YITA *ES0ien B3JNOS IUMISIITP OT M2 O
1881 UOSTIPAWOD SUL UT PUNO) GJOA SEOURSSSJTP IWOTITUBYS O
“polded DEPUSINS STUI JOf JOUTT STQRIdedde W DEJEPTENCO ST
SURTAYISATOd TIR & ATUD *SI0R1 STERSMSBUSID ® PPU SBTY] TAUTA
PUR POIRPUIWRT Y2 UY PEJOIS SBON) ‘sesitrwr Ted1SoTOtJ031D9Q
PUP PO IEOYD PUR S1503 TOURd B3ee3l Aq ‘SUOTITPWOD Kouel

~dowe JEpun STqRIaE PAJSPISUOD SJusm B18IRA TTR OTTYM °Aup P
aleepuy “£1IDIENU SATIBTAS 406 O3 OF .._omo 03 Gu SJBR SUOTITPUOD
sdel0is  *SUCTIDNASUY DOTISC-PJIUT YITA SAPP 0OC SO soerd
Ni0Q JOj porssd sBesois TR0l ‘seasv TediudeiScas Py VT ¥¥4<]

(1 w04} sd8ien de) 3O STRYIJRINW JOUTT SSBY)Y UT A3T1TIqRIOIS
SATIRAOCHOD UO DUR ‘SBT1] TAUTAAYOD PuR supydorrer-ausTAyektod
PoIBUTEPY ‘BUBTAYISATOD YITA PRUYT SERID JOQT; UT DRICIE JO3BR
dri e34n0s STRUIS ® 3O AJ1TIqPIOd UC pelussald sue ®iRg

odey peyjrsseroun

@°0T2Z# 108{0d4 *((9L09°]1°0) 066T~HD-6LT-6TVQ 3Dw43W0D)
*dd ST ‘Ee6Y AP 62 1T Mwg - ) eERuq

Tl ey - q esRyy v eseyy ‘rsodey TRUL

ASTIRUD LY PUP BROTE 1D CSTTRIEPURE®] *Paep’s g

*SHINIVINDD JOWHOI-NIIVM
IVHOTLOMUTLTION JO ACNLS TOVNOLS WIIVM TVHILD
“3TTPD ‘seTo uy SOY ' du] SSA140ARIONS TTEPSSRS]

*ON UOYISEeIDY av

e i T T S



S = = = e s f e e et e - -
R — - - e - —— - — -

*pa3eBrisaauT 3q PTNONS SUOTITPUED sBeJ0I8

SNOJOITS AIOL JOF SJIIUTT PUR SWRJP peacidm]  *peauessad

aJP RIRP 1S00 23PJI03S  PISN SUCTITPUCO BYJI JIPUN JBIER

del aTqeiod 3o 9Bedols Joj AIOIDRISTIES PAISPYISUCO SIF BISUTY
2usTAyIsA1od 1IN o DUF SENJP J9QY] °‘UCISNOH PuR BRITY) WAI)
as0yl Jo uoTIdaOX@ YL YITA *SINIEA IDINOE JUKISIITP OT W3 joO
3593 UOSTIRAWOD Y3 UT PUNOJ SIsn SIOUBISIIIP IUEDTITUlYS oN
*porsad pepuUSIX? STYI JOI JOUTT STARIJEOIR R POISPISUCO ST
2uTAYIRATOd TTW & ATup °335el STqeasudesIp v PRY SWTY) TAuta
PUP DRIPUTWET 2y} UY PRIOIS SOyl *sasiTeur TedyBotoyisideq
pur TPOTERY> pue sisay Teued sise) 4q *suOTITPuCO Aouel

~Jaw3 Jepum siqeicd PAISPISUOD JUIA SISIPA TTW STYUA *KIp pw
BI00PUT “AITPTINRY IATIFTSS 406 O3 OZ *JoS6 O3 G SIS SUOTITPUOD
2301035 *SUOTIOBASUT POTIIC-PIIUT YITA 48P 00C TR Se0Rd
y3oq 40j pordad adedois Teiol “swase TeoTudraBosd jueiejjTp
0T woa3 sasyen del JO STRTJISINW JRUTT PS4 UT AITTIQRIONS
2aTIededuco U pur ‘smT} TAUTAATOO pur SURYCOTTEO-SuUsTAYI®ATOd

e e e m . et e e Em e Em e . . - - e —

*peirBrissaur 8q PTNOYS SVOTITPWES shesols
snosoByd BMOB 4O SISUTT PUP SENJP paacade) peIwssesd
sup ®2ep 1500 SBRS03S PSR SUCTITPUGD SUL JEPUR JBIEN

de3 oTqeiod Jo sBRI01S 40) AJOIDEISTIPS PAISPTSUDD BJR BISETT
SusTAYISATOd TTS « PUP SWJp S8QT] °UCIENGH Pur DY) W04
SO0y JO UOTIGEOXS Byl HITM SI8IBA SOINOS IWNISITP 0T W2 jO
3903 UOSTINAEOO 641 U] PUNOS ISR BEOUSISIITP IWOTirulys Oon
*pOTIed POPUSIX® STUI JOF SSUTT STARIIEOIN W PRIEPISNEO BY
susthyishtod TIS & ATWD ‘e3sw3 StquessBesyp ¢ pry ST TAUTA
PUR POIPUTERY Sy) U PEJOIS SSOY3 “sesATRwe YEOTBOTOTSSIEq

pur TeITESYD PUr 51563 Taumd sises 4q suotiypuco Kouel

~iows Jepun OTqRICd PEISPISUOD SJGK SININA TYR STTWA °“LJp pw
Ssoepuy *AITPTENY SATIRTOL 406 O3 OZ ‘oS O3 G SJOR SUOTITPUGD

q30q 403 pojsed aBesors Teiol ‘swese TeotudwsBosl Jweae;TP
01 W35 B30 del JO STRIISINE JOUTY S804} Ul AITTTqRIONS
SATIBIRdRED WO PUR ‘SIS TAWTAATOO PuR SuRudoTTed-usTAYISKTad
POIETERT ‘oWTAYISATON WITA POUTT SURJIP JOQT) WY POIOIE JBIPn

poaruTerT *SUSTAYISATOd YITH POUIT SEMJIP I8QIJ UT PRIOIS JdIPa

dea sounos ayBuys ® jJo f3371qeiod uo paussaud suw wig dey so4nos oTBuUTS v Jo L3fTIericd uo PoIwesasd esv wIwg

edey poyjyeeETOIW

0°01228 3>0(08d  “((9409°1°0) 066 T-MD-6ZT-6IVU 3I0I3Wa))
"dd Y  ‘CesT Aoy 82 11 Mmy - ) seey

11 Mmg - § sewy tv swwny ‘ol TRUT]

ABTIRY) [ PUR EROTE 1) *STTRISPENg ] *pIwn 5 C

wodey pefsiseeOw

8°0TZZH 399(odd  *((9409°1°0) 066T-WO-6ZT-6TVA IDRJIu0))
sdd ¢T  ‘E96T AWN 6Z fII Mwd - D eswyd

f1 ey - g sswyd ‘v eswyy ‘laodey TRUL,

AoTaRy) g PUR WYOTE*T*) *STTNIZPURE"] *Pden°S°€

*SUINTVINDD J0OMHOI-WIIVA

(9209 °1°0) 0661 TVIOTIOMUTLIN JO AGNIS IIWOLS WILVA TVMILIO

~WO-6ZT-6TV] 3dWdIu) °L *3ITED Ssatejuy 807 ° “JUl *STJOINIONE] TTEPESRS]

4pras sBeaols Je3ep Y

“SYINIVINGD I0OMNHOD-HIivA
"(9L09 "1°0) 0661 VNOTIONOSILING JO ACNIS IIVMEOLS ¥3ILvA TVHILIO
-KD-6ZT-6TVa 3DBIIUCY *2Z “JITE) *saTajuy sO7 *°Oul ‘satioledoqe] TYepsendy

|
1
'
t
|
[
'
t
L}
f
oB0J03S  *SUDTIINASUY POTISC-RAIUY YiTR SAFP 00 WEm SHERD |
'
'
|
1
|
I
|
i
|
|
Apnis s8eao3s JIiem °T !

|
|
!
'
|
1)
)
[
[
'
|
i
'
|
'
|
'
'
[
)
1
1

cON UOTSSIIOY av

*porrBrisaauy 8q PTRONS SwoTiTPED elwaeas
snolaltd MO 203 SJSUIT PUR SERID Deacsde] *peIweseesd
aJv v10p 1500 SBRSOIS "POSN SUOYIIPWID S4I JSPWR IR

dey o1qriod 30 8Be401S J05 AIOLORISTINE DASOPISUED SIE SIMNYT
SUSTAYISATOE TTH & PUR SURIP JBQT] °UCIENGH Pue cBeRTY) BOS;
WYL jO UOTIAEOXS BYI YITA ‘SI0IBA 83JNOS JUNSIITP OT SN JO

e T e e e e e e e = o

*peIEdTiSIMUT #q PTNOYS SUCTITPUES sdesols

SNOIOBTJ agom 107 SISUTT PUR SWRIp Paacide] ‘pajusssad

aJr ®IEp 1S0O 3BRJOIS °PISN SUOTITPUK SY3 Jspun Jeiwn

del a1qeiod jo aBeaois 203 A10100ISTIPS PAIIPTSUCS BJP SJBUTT
dusTAyradtod TTW & PUR SWMJP JBQTJ *UOISNOH Pur oBedTY) mOI)

S04 JO uUOTIdIDXAD I YITA SISIEA IDINOS IUNISIITP OT I jO
$3593 UOSTIPAWOD Y3 UT PUNOZ JUdR SIDUBISIITP IVedTITUdIS ON
*poTaad PapuIIXI SIYI JOF JSUIT STqPIdIodoe UR PIIPTIUCO ST

aua Ayisdtod 1T H ATUp 2315l ATqRINITESTID ® PRy SWTTS TAUTA
PUR P31RUTWRY 3yl UY Pa101s 28043 ‘sasiteur TeO1SOTOTJIRIOEQ
PuUR TR TEAYD PuR S1533 Teuwd Blsel AQ ‘suoTITPUOD Aduad

-Jawd Jepun S1Qeiod PAIIPTSUOD AIaa SIIEA TTP TR  ‘AIp P
SI00PUT ‘AITPTMNY IATIRTH 406 O3 0Z *3oS6 O3 Sn SSR SUCTITPUOD
28e10315  *SUOTIOMASUY POTISA-PIIUT YITa SAPP O0f SO SISO

4iog 303 potasd adeacas Teiol *sesse TeoTudesSoed jueas;iip
07 woudj saaiem del jo STRPTJIIIeE JBUTT 353YI UT AITTIQRIOIS
aatieaeducd uo pur *sSWTTy TAuTaATod pur aweydorrac-sustAyisitod
peirutuet ‘FusTAylasiTod YiTm POUTT SWNIp IBQTJ UT PAIOIS I8IeA
del adanos ITBUTS B 3o A3TTIqPiod uo pajuasazd aze eleq

aodey pITFISSPTOUN

8°0TZZ# 399[0dd  *((9L09°1°0) 066T-WO-6ZT-6TVA IdRJIUC" )
*dd ST *£96T A® 62 fI] ed - ) aweyq

$1 g - g sseyyg %y esryd *isoday teulry

A31IeyD r*d PUP WYOTE*T*D *SITNIZPURE™I ‘paep°seg

*SHINIVINGD ICOWWOO-UILVA

$189) UDSTIPAEOD SyI UT PUNDS SIGA SEOUSIEZJTP JWDTITUlYS oN
*poTaed DPAPUSIRS STYI 40) JOUIT STQrIEDIE WR POJSPISUOD ST
wuBTAYINATOd TI® o ATW) 03001 9TquesdusTP ® PRY SBTE] TAUTA
PUP POIRUTERT 83 UY PAIOIS SOyl ‘sesiTewe TeaTBOTOTIeIOEq
pur TRITESYD DUR S1e8} TOuRd saew) AQ ‘suotatpuco A>usl

~I000 J0pUN PTQRICd POJISPISUOD SJ8A SJIEIFR TT® OTTWA *A3p pue
SI0OPUT *AITPIENY SATIFTOL 406 O3 OF ®JaS6 O3 G& SIGR SUDTITPUOD
aBeJ0)S  *SUOTIDBASUY POTLBC-PJIUT IR SAPD 00 Swn SOEWD

Y30q 403 porsed sBeuois Teiol ‘esestw TedTudesBosd U TP

07 B04] S483en Pl JO STRYJIGIPE IPUIT O8GY UT AITTIQRIOLS
SATIPIRGEOO U0 PUR ‘sutT] TAuTakTod pup suRudoTTSO-SuURTAYIeATOd
POIRUTERY *URTAYISATOD UITA POUTT SWRJP S8QJJ UT PAIOCIS JEBIPA
de ed4nos aBuys @ o A311TIqeiod UC DRIUMSAIE eJe BaRg

odey pegjysseTOW

€ 0TZZ# 358{0dd  *((9L09°1°0) 066T-HO-6ZT-6TV0 3d0J3u03)
*dd ST ‘€96Y AwN 6Z %11 ey - ) ewwud

t1 weg - q eweyy tv eswyd ‘itodey Teury

AsTrey)ered PUR EUOTE*1°D ‘sTTNYEPURE ] ‘piencS°eg

“SUINIVINDD JIOWHOD-MIIVA

[
i
i
[
i
¢
+
1
[
]
1
[
)
J
'
|
t
[
i
|
’
1

:

i

] “{9L09 "I°C) 0667 IVNOTLONNIILINK JO AGNLS FOVHOLS HIIVA TVNILI0 °(9L09 "1°0) 0661 AVNOTLONNITILING 4O AQNIS TOVEOLS NILVAM TVYHILIOD

, ~Al-6ZT-6TVC IDPIIUCD 2 *31TE) satajuy $OT *°dul *satdoledoqe] TYPpsend) ~HO-6Z1-6TVQ 32PJIUCD *Z *iTte) ‘setejuy son °cou serdolraoqe] TYepsena) |
Apnis aBeaoys Jatep °1 Apnas sBeaols Jaaep ‘Y

' “ON UOTSSPOOY av *ON UOTSSEdY av !

| L 3

T



CONTRACT RESEARCH PROJECT REPORT

ARMED FORCES FOOD AND CONTAINER INSTITUTE, CHICAGO
U. S. Army Quartermaster Research and Emgineering Cemter,
Natick, Massachusetts

Truesdail Laboratories, Imc. Project Nr. 2210,8
L4101 No. Figuerca Street Contract: DA19-129-qm-1990
Los Angeles 65, Califormia Report Nr.: L(Final)
. File Nr.: R-3Ll
Official Imvestigators: Period: 30 April 1962 -
I. Bandsiulis 29 April 1963
C. L. Blohm Initiation Date: 30 April 1962

Title of Contract: Optimal Water Storage Study of
. Multifunctional Water-Commode Contaimers



FINAL REPORT

PHASE A; PHASE B - PART I. WATER STORAGE

PHASE C - PART II. WATER COMPATIBILITY

OPTIMAL WATER STORAGE STUDY OF MULTIFUNCTIONAL WATER-COMMODE CONTAINERS

CONTRACT No. DA19-129-QM-1990 (0.I1.6076)

PROJECT No, 2110.8

QUARTERMASTER FOOD AND CONTAINER INSTITUTE

PREPARED BY: C. BRADLEY WARD, JR.
I. BANDZIULIS
C. L. BLOHM
P. J. CHARLEY

TRUESDAIL LABORATORIES, INC.
4101 N, FIGUEROA STREET

LOS ANGELES 65, CALIF.

29 MAY 1963



'KOL.iTA.L LABORATORIES, INC.

FINAL REPORT

RIS S

PHASE A; PHASE B - PART I. _ WATER STCRAGH

broject Number 2210.8
Cortrecs Numper DA19-129-
Q4 1990 {G.I, 6076,

23 May 1953

INTRODUCTION

B

This report is submitted in accordance with the requireme: s stiputated in Article 1,
Phase A, and Phase B - Part I of Contract DA19-129-CM-1.990 :C.. #(7¢} entered into
betweer the Quartermaster Food and Container InstituTe and "ruesdail abopratories, Inc.
on 20 April 1962, Data are presented on (a) Stackabili®y '. 2 height of 6 feet of
plastic lined fiber drums filled with tap water for a per:zc or 200 days, b} Potabili
of stored tap water after a period of 300 days; ‘:’ Review 2und -ummary ¢t inforwadtion
presented in previous progress reports including res.lts i ~he tresezirg-thawing cycle
stvdies; (d) Comparative cost analyses.

MATEZRIALS

LT S SESATII N S A—

4

D: ums - The drums employed for water storage were esser :z..y .0 cocricrmance to
Sheclfrcation MIL-D-43055 (QMC), 15 Jan. 1962, Classes . 2 C ¢ I However
dimens:ons were changed to conform to Sugges:iont Mice " CLY - agersl prepesal;

viz . a rotal filled capacity of about ten galicns &i. :mims rad -omi-a. dimensions
of 12 i/u" dia. x 16" ht. Class A drums were obta-e* Iiim ‘l'e Jur-:rentas Can
fompary, of lLos Angeles, California, and Class B C & & #-.r3 were <o- zxned from the
Rheem Manufacturing Company, of Southgate, Califo:~iz

Liners  Three liner materials were used: & mil cc.yerni.fre o« them:cal Co.lt
¥ mis poiyethylene - 0.9 ml. cellophane lamirate ~[Lonec’-in. Liasicr ot Xow
? w1l polvvinyl (VBA 9020 - Union Carbide®.

1: liaers were tabricated essentially in corfsrmorre ° . sie LS 11T MI. D w3056
(M), 15 Jan 62, but dimensions were altered *-. f. ‘v . MW sl vsed AL
.irers were approximately 24" x 3" flat and wese supp #7 N Tre ¥iohwose ‘crporaion,

Higr.and. Caiifornia.

Sampies st the three liner materials are prcvided - 1= Frijec” (olal6r «1i} submittal
of thie report.
Water cs Angeles tap water.

E? LY

TESTING PROCEDURE .

Tweive of each of the four classes of drums were fitted 1espeztively with cne of the
three *ypes of plastic liners (total #8 drums They were Then filied with water and
the 'iners were closed by tying with twisted wire bag tiss For each Type of iiner
one set each of the four classes of drums was stacked Iouv:-hugh, ‘appronimately six
feet ' making a total of 48 drums in the stacking resrs Tre drums we-~e stored in a
large rcom at ambient conditioms. Results on potability o1 s7 srec water for storage
periods of 97 and 210 days have been previously repcrred. This zepcrt cresents final
obger:arions after the specified total storage pericd cr 30C ways. sem 1S June 1962
20 11 Aprsl 1963, Over the total storage pericd *emperztire 1arged frem »5 ro 95°F

L
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and relative humidity ranged from 20 to 90%. The 12 o'clock noon average relative humidity
ranged from 43 to 63%, In the first 70 days of the storage period, temperature and
humidity data were taken from local weather bureau reports. Later, a recording hygro-
thermograph was installed and, for the remaining period, continuous recordings were made.
The chart recordings for the final 90 day period are reproduced on pages 3 to 7, incl. ¢
Monthly data from the charts and from corresponding weather reports covering the total
storage period are listed in Table I.

TABLE I

TEMPERATURE AND HUMIDITY DATA FOR DRUM STORAGE, 15 JUNE '62 to 1l APRIL ‘63.-- 300 DAYS

TEMPERATURE  °F RELATIVE HUMIDITY %
FROM CHARTS  WEATHER BUREAU FROM CHARTS WEATHER BUREAU

MAX. MIN, AV, MAX. MIN. AV, MAX. MIN. 12 Noon  MAX. MIN. 12 Noon
— e e __ AV . AV
June 15-30 Not Recorded 9 55 68,2 Not Recorded 92 29 50
July 1-31 " " 86 57 70.1 " " 98 32 51
Aug, 1-2u4 " " 9% 59 70,1 " " 95 26 43
Aug. 25-31 95 74 83,0 90 61 73.7 64 40 52 93 38 u9
Sept. 1-30 95 66 78,6 94 57 70.9 72 33 55 98 21 u8
Oct. 1-31 86 59 72,3 93 52 65.7 80 21 63 100% 12 sl
Nov. 1-30 8 53 67.0 8l 46 60.6 77 24 S5 100% 12 50
Dec. 1-31 79 48 64,5 78 4l 57,4 84 28 54 100% 8 u5
Jan, 1-31 78 45 64,8 77 3 55,6 7723 w7y 96 7 ul
Feb, 1-28 86 58 69,7 88 49 62,7 90 23 S5 98 6 52

Mar. 1-31 84+ 50 67,1 79 u2 58,3 78 20 47 97 5 w1l ‘
Apr, 1-14 86 5S4 69.9 79 45 60.6 76 30 46 97 18 u3

* FOG - Total precipitation through 31 Dec. 0.14 in,

It will be observed that temperatures and relative humidities taken at the point of
storage moved over narrower ranges than Weather Bureau reports for the same periods.
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At the conclusion of the storage period the drums were opened and the water was sampled.
Taste and odor tests were made by a five-man panel, In addition, samples were analyzed
for dissolved oxygen, COD, pH and bacteriological plate counts were made. Finally, the
condition of both drums and liners was observed and recorded. P

RESULTS AND DISCUSSION

STACKABILITY OF FILLED DRUMS. In accordance with work scope specifications, each class
of drum fitted with one of the three types of liners and filled with Los Angeles tap
water was stacked four-high (approximately 6 feet) in order to fulfill the requirements
of the 300-day stackability tests, This portion of the program utilized a total of 48
drums. At the same time an additional 48 drums were filled for storage to satisfy the
90-day and 180-day potability tests., Initially, several of the drums were lost due to
liner failures., However, a sufficient number of drums were retained to finish out the
required evaluations, :

Both the vinyl liners and the laminated polyethylene-cellophane liners were subject to
failure at the seams. The polyethylene liners exhibited good initial integrity with the
exception of two whjch had pinholes, It was not determined as to whether these pinholes
were present in the original tubing from which the liners were fabricated or whether
they were produced by physical injury during the placing of the liners in the drums.

All of the failures developed in the first few hours or, at the most, two days after the
drums were filled. Of course, where failures occurred the drums were lost since the
physical integrity of the fiber drums, regardless of the differences between classes,
was completely destroyed upon saturation with water.

On the other hand, those drums which did not exhibit initial failure withstood the
300-day stacking test with no difficulty. There was no apparent difference in the
durability of the four classes of drums under the storage conditions,

It can be concluded from the test results that plastic lined fiber drums are suitable
for long term storage of water if the following conditions are met:

1. The liners must be intact and drums should be observed after filling for at
least 48 hours before being put into storage. Any failures occurring in this
period, of course, would be discarded.

2. Storage conditions must be dry and temperature must be above 32°F to prevent
condensation., .

3, A condition which was not investigated but which probably needs to obtain is that
the storage area be free of rodents or insects which might attack the fiber
drums.,

FREEZING-THAWING TESTS. The studies conducted under the specific conditions for the
freezing-thawing tests have been reported and discussed in detail in Progress Report
No. 1 of 10 August 1962,
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Without reiterating the discussion, a brief recapitulation of the conclusions and
recommendations states that "..,...ordinary fiber drums lined with the three types
cf plastic films used in this experiment are not suitable for storage of water under
conditions of alternate freezing and thawing. The plastic liners showed very poor
integrity......ordinary fiber drums are not suitable under conditions resulting in
condensation of moisture from the atmosphere."

STORED WATER POTABILITY, The results of the potability examirations from the drum
storage tests at the end of 90 and 210 days have been reported in Progress Reports
Nos. 2 and 3 of 21 November 1962 and 25 February 1963, respectively- Summarized in
Tables II and III following are the physical and bacteriological data on the final
tests and compared with those results from the shorter storage periods-

Taste and Odor. As was done in earlier tests, taste and odor examinations were
performed Dy a five-man panel using a high quality locak bortled sater as a

standard. Samples and the standard were coded so that the tasters coul' not identify
them.- The results obtained were subjective anc qualitative only In contrast to the
observations from the 90 and 210 day tests, there was little observable difference
between the water stored in the three types of liners although those from the polyethy-
lene liner showed a slight preference. No influence on the results could be attributed
to the class of drum used. It was the general consensus of the taste panel that all
waters would be acceptable and, therefore, "potable” under emergency conditions.

Again, there was no question, however, as to the definite "chemical" flavor of these
waters- As was found after the two shorter taste periods, all stored samples showed

a light flocculent precipitate.

Chemical Analyses. Chemical data run on duplicates of each liner material for the
final test por;oa are presented below in Table II. For compariscn, the results from
the prior tests are included:

TABLE II

CHEMICAL ANALYSES

LINER DISSOLVED O,, ppm. COD; ppm pH

...... 97 days 210 days 13797 d-; 210 days 30C d;;: 21C days 300 diyl
Polyethylene 7.09 9.35 9.00 $1,90 1u 9 7 85 7 85
Polyethylene

Cellophane 5,96 9,05 8.44 8 8 21 6 7.80 7 90
Polyvinyl 7.31 9,31 8.86 51 60 2 ?7 80 7 84

Control (fresh
tap water) 7.93 7.93 7.93 0.0 0 U 8.10 8 10
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The results indicate that the waters remained substantially aerobic. Slight

differences in dissolyed oxygen over the several test periods may be due to

temperature effects and "breathing" through the liner material. The COD values

found in contrast with the 0.0 value for the control indicate definite dissolution

of chemical materials from the liners into the body of the stored water. Some of ¢
the increase in COD values may also be due to the accumulation of bacterial residues.

It must be recognized, however, that COD analyses at these very low levels are not
aighly reliable, particularly in waters that have substantial chloride ion content.

The slight variation in pH is not thought to be significant.

Bacterial Plate Counts. Presented in Table III are duplicate counts run on each
liner material and, for comparison, similar counts from the two prior test periods:

TABLE III

BACTERIOLOGICAL PLATE COUNTS - Organisms/ml, | .

LINER AFTER 97 DAYS[1)  AFTER 210 pays(!) AFTER 300 DAYsL?
Polyethylene 32,000 4,800; 14,000 5,700; 8,600 .
Polyethylene Cellophane 13,000 3,900; 4,100 2,800; 2,900
Polyvinyl 120,000 33,000; 66,000 20,000; 21,000
Control (original water) 130 130 130

(1] standard plate counts - 24 hrs., 35°C
(2] Special plate counts - 48 hrs.,, 35°C

Coliforms were not re-run on the storage samples since the original count was negative,
viz., less than 2 per 100-ml, It may be observed that plate counts have substantially
diminished over the storage period. Since, as pointed out above, the waters remained
adequately aerobic, this reduction in growth would seem to indicate the gradual loss of
nourishment to the microbiological population of the system, One might expect over a
further extended storage period that the viable organisms would drop to essentially zero

In light of the above, and since organisms found were in relatively low concentrationsgy
is felt that there need not be any concern for lack of potability of the water due to th
presence of microbiological contamination,
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COSTS

Approximate cost information is listed below. For comparison, costs are presented

on the 14" x 16" drums and their corresponding liners as used in the studies,

together with costs on 15-3/4" x 22" drums and liners per specifications MIL-D=43055
and MIL-B-u3056. Finally, data are presented on steel drums and on double 4 mil
polyethylene liners per MIL-B-43068A., In order to compare costs on a volume basis,

it is assumed the water fill volume for the 14" x 16" drums would be 12 gals. or 48 qts.
For the MIL-spec. 15-3/4" x 22" drums, the fill volume would be 17 gals or 68 qts.

DRUM COSTS

CLASS SIZE, in. PRICE/100 LOT SIZE F.0.B. POINT
A 14 x 16 $ 88.80 1,568-cl Pittsburgh, California
81.60 1,568=-cl Carteret, N.J. or Vanwert, Ohio
15-3/4 x 22 131.80 1,035=-cl Pittsburgh, California
119.80 1,035-cl Carteret, N.J. or Vanwert, Ohio
B ecceces sesccecenncnan not availables-e-ceccceas e
C 14 x 16 251.50 1,000 Los Angeles, California
239.00 5,000 " " "
18-1/2 x 22 268,58 1,000 " " "
261,38 5,000 " " "
D 14 x 16 214.50 1,000 " " "
203.80 5,000 " " "
15-1/2 % 22 233.74 1,000 " " "
224,08 5,000 " " "
Steel 17-1/2 gal., 285.00 1,000 Richmond, California
26 gauge, 260.00 5,000 " "

1 coat epoxy
phenolic inside., Add $16.00 for printing.

LINER COSTS

MATERIAL SIZE PRICE/1,000 LOT SIZE F.0.B. POINT

7 mil FonetEerno 20 x 34 $291. 00 I,OOO HIgEIana,E;IIf.
276.50 5,000 " "

Polyethylene-Cellophane (M=3200) 555.00 1,000 " "
527,25 5,000 " "

Polyvinyl 3-mil 9020V 585.00 1,000 " J
§55.75 5,000 " "

4-mil Polyethylene 26-1/2 x 40  316.00 1,000 " "
300.20 5,000 " "

4-mil Polyethylene Double 570.00 1,000 " "

Liners (MIL-B-43067-A) S41.50 5,000 " "
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Examination of the foregoing data indicates that the least expensive combination of
drums and liners for the two slzes is that of Class A drums fitted with single 4-mil
polyethylene liners. For the smaller drums, holding 48 qts. of water, a cost of

2,28 cents per qt. is obtalned, using the prices of $81.60/C for drums and $276.50/M
for liners, For the larger drums, holding 68 qts. of water, a cost of 2.2l cents per
qt. results, using the prices of $119,80/C for drums and $300.20/M for liners.
Increased serviceability of the drums could be attained by going to the double 4-mil
liners. Using this cost of $541.50/M in conjunction with the cost, again of $119.80/C
for the larger Class A drums, a cost of 2.56 cents per qt. of water capacity is
obtained.

The foregoing costs are not greatly in excess of the project objective cost of 1.5 cents
per qt. However, the test results have shown the limited utility of fiber drums for
water storage, and thus the cost figures are unrealistic except for limited locations
where storage conditions are suitable.

For commode use, the drums with double liners may be suitable, since short term

storage of wastes in a shelter would be expected to encounter normal living condition
environment, The volumetric cost would be increased above the foregoing figures by '
about 20%, since the fill level for wastes is necessarily less than for stored water.

Finally, for comparison, recently supplied 17-1/2 gal., 26 gauge steel drums at
$276.00/C (including printing) using single 4-mil polyethylene liners, result in a
cost of 4,37 cents/qt., and with double 4-mil polyethylene liners, 4.72 cents/qt.
While it is true that the steel drums have structural advantages, particularly in
wet environments or where the liner might leak, it is seen that the cost above the
minimum for the Class A fiber drums with double liners is increased by 8u%.

In light of the foregoing, investigations directed toward water-proofing the fiber
drums may be warranted to obtain a cost less than that for the steel drums, at least
for use in some locations. In Southern California, for example, there is little 3
likelihood of encountering freeze-thaw or condensation conditions in storage. Thus,
even though the cost of the treated fiber drums were increased by 50%, i.e., from
$119,80/C to $179,.80/C and using double liners, the water storage cost would only be
3.09 cents/qt., a reduction from the steel drum cost of 4,72 cents/qt. or nearly

35%, Where millions of quarts of water storage capacity are involved, this cost
reduction is very substantial in total dollars.

Very recently obtained information from publication of contract awards by the Defense
Supply Agency indicates that contracts have been awarded for steel storage drums for

as little as $154.00/C in quantities on the order of 100,000 units. While this price

is substantially less than the small lot price presented above, by the same token

the cost of fiber drums might well be reduced proportionately in large quantity
purchases.
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FINAL REPORT

PHASE C - PART II. WATER COMPATIBILITY

Project Number 2210.8
Contract Number DAl9«129-
QM-1990 (0.I. 6076).

29 May 1963

INTRODUCTION

This report is submitted in accordance with the requirements stipulated in Article 1,
Phase C - Part II, of Contract DA19-129-QM-1990 (0.I, 6076) entered into between the
Quartermaster Food and Container Institute and Truesdail Laboratories, Inc. on April 30,
1962. Data are presented on the storability of typical tap waters, obtained from ten
metropolitan areas located throughout the continental United States. The waters were
stored in small containers lined with three different types of plastic films, over a
period of 300 days. The effect of the waters on the properties of the plastic films
and the effect of the plastic films on the potability of the waters were studied.

M4ATERIALS

Storage Containers: One-quart cylindrical ice cream cartons obtained locally.

Liners: 4 mil polyethylene (Dow Chemical Co.)
2 mil polyethylene - 0.9 mil cellophane laminate (Dobeckmun Division of Dow);
3 mil polyvinyl (VBA 9027 - Union Carbide).

All liner materials were made up in bags of approximately one-quart capacity.

Waters: As reported in Final Report, Phase C, Part I, 29 June 1962.
TESTING PROCEDURE

An additional 30 bags of each of the three liner materials were opened after the
300-day storage period, following the same procedures as described in Final Report
Phase C - Part I. The storage period extended from 25 May 1962 to 21 Mar., 1983, The
containers were stored in a large room at ambient conditions, temperatures ranging
from 45 to 95°F, and relative humidity from 20 to 90%.

RESULTS AND DISCUSSION

Weight Loss. Each of the containers was weighed and, again, as shown in the earlier
reports, the polyethylene liners gave the best performance. None of them lost more

than 10 gms, of water over the total 300-day period. Average loss was 8.3 grams, or
between 1.2 and 2.1V loss over the range of initial fill weights recorded. The laminated
polyethylene cellophane liners showed more weight loss. Of the 30 units tested, 22 showed
waight loss of 31 gms. or less, average 24 gms, or between 3.3 and 5.4% of initial fi11
weights. The remaining 8 showed losses of 50 to 220 grams, all probably dus to seam

leaks since most of these liners failed at the seam under the burst tests. Of the poly-
vinyl liners 23 showed weight loss of 89 grams or less, average 53 gms. or between 5.9

and 8.5% of Initial fill weights. Of the remaining 7, 3 failed during storage and the
other 4 showed losses of from 117 to 140 gms.
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Burst Tests. Burst tests were run as described in the earlier reports. The results
Trom the 300-day storage period compared with those from the sarlier storage periods
are presented in Table I following:

TABLE I

AVERAGE BURST PRESSURE PSIG

LINER INITIAL AFTER 30 DAYS  AFTER 195 DAYS_ AFTER 300 DAYS
Polyethylene 2,72 2.79 ‘ 2.23 2,24
Polyethylene Cellophane 2,91 2,94 ~2.06 1.70
Polyvinyl 4,63 . u.tt‘O 2.75 3.30

4

Examination of the tabulated data indicates that tlemajor reduction in bursting strength
occurred between the 30-day and 195-day storage periods with little further change between
the latter period and the 300-day period. The reduction in bursting strength is not felt
to be significant in affecting the liner integrity, at least for the polyethylene. For
the other two liner materials, in most cases bursting occurred at the seams and there were
some seam failures in storage. Whether or not the reduction in bursting strength involves
the interaction of the stored water with the liner material or whether it is due largely
to faulty seaming is not apparent.

No discernible differences could be observed in the average burst strengths of the

liners containing waters from the 10 different sources at the end of the 300-day period,
This finding is somewhat anomalous since at the end of the 195-day period a very definite
effect had been observed on the liners containing the waters from Chicago, Il1l. This one
observation, however, may have been strictly fortuitous.

Taste and Odor. All waters were tasted by a five-man panel. Obviously, it 1s difficult
to make preclse comparison tastes over the elapsed period between the 30 day, 195 day, and
300 day tests. While there appeared to be some definite deterioration in taste quality
between the first two tests, there was no observable further change between the 195 and
300 day tests, It may well be that the effect on taste of solutes from the liners reaches
a "plateau" after about six months' storage. In some contradiction to the findings after
195 days, which showed the polyethylene liners to be superior to the other two matoriallﬁ
after 300 days little difference was found between the polyethylene and the laminated
polyethylene-cellophane, but these were both superior to the polyvinyl liner material. .

There did not appear to be as great differences between the tastes of waters from variocus
sources after 300 days as had been noted after 195 days, with one exception. Again, the
Chicago water, in all thres liner materials, was definitely inferior to the waters from
the other sources. Again, as was found in earlier tests, while all waters stored in the
polyvinyl liners were considered objectionable by ordinary standards, the consensus of the
panel was that these and the other waters would be acceptable, and, therefore, "potable,"
under emergency conditions.
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Bacteriological Plate Counts. While plate counts were not run under this phase of the
study after the 195 aay storage period, they were run at the conclusion of the study at
300 days in order to complete the record. The results are presented in Table II
following. Coliforms were not run, as they had been essentially zero initially.

TABLE 11

BACTERIOLOGICAL EXAMINATION OF TAP WATERS USED

SOURCE OF WATER  COLIFORM BACTERIA

PER 100 ml, TOTAL BACTERIA PER ml. (STANDARD PLATE COUNT,
As Received [1] 35° C)
INTTYAD [3] [4]
COUNT 30-DAY COUNT 300-DAY COUNT
ATLANTA Less than 2 r.r1.c.l?2d et Less than 1
CHICAGO " ” " 8’000 630 n 1" ”
(300,000
AQUSTON " ron 24,000 58,000 (400,000
(300,000
KANSAS CITY " non T.F.T.C. 350 Less than 1
Los ANGELES " " " 130 ll’ooo n " "
MIA,,’I ” L1 ” 7’800 T.F.T.C‘ 11 " "
‘\le YORK " " " 7’600 59 ” " "
PHOENIX mooonom T.F.T.C. 4,400 L
SEATTLE " non 1,600 T.F.T.C. " "o
WATERTOWN " non 810 130,000 " "o
{1] Five portions of 10 ml. each used. {2] Too few to count
{3] Sinple samples in duplicate. (4] Duplicates on samples from all three liner
materials,

It may be seen that all viable organisms had decreased to essentially zero at the end of
300 days with the exception of those in the water from Houston,

CONCLUSIONS

In general the results of these small volume storage tests confirm those obtained from the
storage tests in the large drums. Polyethylene appears to be the only liner material which
is suitable for storage of water over extended periods from the standpoint of taste, evapo-
ration loss, and liner integrity.

While discernible differences were observed in the waters obtained from the ten different
geographical areas, these differences did not appear to be of sufficient magnitude to
warrant any definite conclusions relating source to storage behavior, with two excepntions;
as pointed out above, the Chicago water had a low rating on the taste tests, and the
Houston water was the only water to show high bacteriological plate counts after 300 days'
storage. It is felt that these waters may be unsuited for long term storage.



